A unified description of dark ingredients is realized by a vacuum dark fluid defined by symmetry of its stressenergy tensor and allowed by General Relativity. The symmetry is reduced compared with the maximally symmetric de Sitter vacuum, which makes vacuum dark fluid essentially anisotropic and allows its density and pressure to evolve. It represents distributed vacuum dark energy by a time-evolving and spatially inhomogeneous cosmological term, and vacuum dark matter by gravitational vacuum solitons which are regular gravitationally bound structures without horizons (dark particles or dark stars), with the de Sitter centre (Λδ ) in de Sitter space (λδ ). 
Introduction
Astronomical observations leave no doubts about the existence of a dark energy dominating our Universe at above 72% of its density due to negative pressure = ρ with < − 1 3 and the best fit = −1 ([1] and references therein), which corresponds to the cosmological constant λ related to the vacuum density ρ by λ = 8πGρ . The Einstein cosmological term λ corresponds to the de Sitter vacuum T µν = ρ µν . The inflationary paradigm needs a large value of ρ at the beginning of the Universe's evolution typically at the GUT scale, observations demand its small value today, while the Einstein equa-tions require ρ = . The most representative alternative to the cosmological constant is provided by the quintessence models based on a scalar field rolling down its self-interaction potential. They have been tested using different methods with the WMAP (Wilkinson Microwave Anisotropy Probe) -CMB (Cosmic Microwave Background) data. These constrained Q −0 7, with the best fit Q = −1 [2, 3] , which evidently corresponds to the cosmological constant.
Existence of a dark matter has been known since 1933, when Fritz Zwicky found peculiar velocities of galaxies in the Coma Cluster much larger than expected. Dark matter is observed only through its gravitational influence. The recent results from Big Bang Nucleosynthesis and CMB observations allow a wide range of masses for dark matter candidates. However, the question of the origin of dark matter still remains open [4] . The most pop-ular hypothesis is that dark matter consists of neutral, weakly interacting massive particles (WIMPs) created in the hot early universe. Candidates range from the axions with masses ≈ 10
−15
GeV to cryptons with masses ≈ 10 15 GeV [5, 6] . The problem is how to find the proper kind of WIMP. For example, the Axion Dark Matter Experiment and CERN Axion Solar Telescope, after 3 years of hard work, detected no axions [6] . Neutrinos would be good candidates, but in order to contribute to the needed range for Ω DM , the sum of neutrino masses would have to be within 8 eV < ν < 12 eV, while CMB and Large Scale Structure constrain neutrino masses by ν < 0 23 eV [6] .
Results to date lead to the conclusion that known elementary particles cannot account for dark matter, at least in the frame of the Standard Model [7] .
Dark energy particles as quanta of the cosmological constant (considered as the fundamental constant) were presented in Ref. [8] for the case of an isotropic fluid sphere in the presence of a cosmological constant [9] . An approach unifying dark energy and dark matter in an isotropic perfect fluid was proposed for the generalized Chaplygin gas models (for a review [10] ) which interpolate between a nonrelativistic matter phase in the past and a de Sitter phase at late times. A lot of observational constraints have been placed on this model, however the results from different data are not always consistent with each other [11] . A unified dark fluid based on a scalar field has been proposed in Ref. [12] , and a dark fluid model using a complex scalar field has been elaborated in Ref. [13] . In models with scalar fields, a dark energy is treated as a remnant density of a complex scalar field and dark matter as particles of this field [13] , although the form of the scalar field potential cannot be directly derived from high energy theories. The holographic dark energy approach takes into account the interaction between pressureless dark matter and dark energy which may lead to an accelerating universe; different dark energy models such as the Chaplygin gas or tachyon models can be recovered by different choices of the interaction ( [14] and references therein). On the other hand, a perfect fluid for holographic dark energy was found classically Unstable, which makes the holographic interpretation of the Chaplygin gas and tachyon models [15] problematic.
The model-independent unification of dark energy and dark matter proposed in our paper [16] is based on a spacetime symmetry which is essentially related to an algebraic structure of stress-energy tensors responsible for spacetime geometry. The Petrov classification for stressenergy tensors suggests defining a vacuum by the symmetry of its stress-energy tensor and implies the existence of vacua with reduced symmetry. The Einstein cosmological term corresponds to a maximally symmetric de Sitter vacuum with ρ = . The variable spherically symmetric cosmological term [17] describes a cosmological vacuum by a stress-energy tensor with the reduced symmetry, T = T , which evolves from Λ to λ with λ < Λ. The full symmetry remains only asymptotically, in between it is reduced to the radial boosts. A spherically symmetric vacuum specified by T = T [18] generates the spacetime with a de Sitter centre [19] in which spacetime symmetry changes from the de Sitter group in the origin. The relevant class of spherically symmetric solutions describes time-dependent and spatially inhomogeneous vacuum dark energy and represents, in a model-independent way, anisotropic vacuum dark fluid [16] which can both be distributed and form compact objects. Regular cosmological models with dynamical vacuum dark energy are presented and classified in our papers [20] [21] [22] . In the paper [22] we have shown in particular their ability to satisfy observational constraints. We found also that the minisuperspace model of quantum cosmology admits such a gauge in which vacuum energy density (cosmological constant) is quantized [23] , which allows for regular cosmological models relevant for several scales of symmetry breaking in the Universe evolution 1 . A medium specified by the equation of state
was interpreted by Gliner [24] as a vacuum medium due to the algebraic structure of its stress-energy tensor
It has an infinite set of comoving reference frames which makes it impossible to fix a velocity with respect to it. In 1988 Poisson and Israel suggested that a de Sitter vacuum can arise in place of a black hole singularity since geometry can be self-regulatory and describable semiclassically by the Einstein equations with a source term representing vacuum polarization effects [25] . The maximal symmetry of the vacuum stress-energy tensor (2) can be reduced keeping its vacuum identity. In the spherically symmetric case, the anisotropic spherically symmetric vacuum is defined by [17, 18] 
A stress-energy tensor with such a symmetry is invariant under radial Lorentz boosts, so that one cannot single out 1 K. Bronnikov, I. Dymnikova, E. Galaktionov (in preparation) a preferred comoving reference frame and thus determine the velocity with respect to a medium specified by (3) -which is the intrinsic property of a vacuum [26] . A stress-energy tensor (3) satisfies the equation of state for anisotropic perfect fluid with continuous density and pressures
A globally regular spherically symmetric spacetime with a de Sitter centre [19] represents, depending on the choice of observers (coordinate mapping) distributed or localized vacuum dark energy: regular vacuum dominated cosmologies [20, 21] , vacuum nonsingular black holes [18, 27] , their remnants left from the Hawking evaporation [28] , and globally neutral self-gravitating vacuum structures with de Sitter interior without horizons [29] , called G-lumps [19] since they are bounded by their own gravity balanced at the surface where the strong energy condition is violated. Vacuum dark fluid was introduced in general setting in Ref. [16] , where we studied the stability of spherically symmetric G-lumps as dark matter candidates, generically related to a dark energy. The mass of a black hole and G-lump with a de Sitter interior is generically related to smooth breaking of space-time symmetry from the de Sitter group in the origin [17, 19, 30] . G-lumps can originate from initial inhomogeneities in the early stages of the Universe's evolution by a mechanism similar to the formation of primordial black holes. They can be responsible for local effects related typically to dark matter, in a way similar to λ-particles of Ref. [8] or complex scalar field particles of Ref. [13] . Let us note that in the context of vacuum dark fluid unification, relation dark energy-matter may appear quite nontrivial [16] . Nonlinear electrodynamics coupled to gravity provides a nontrivial example of a matter object with a dark energy interior: regular spherically symmetric charged structures must have obligatory de Sitter centres [31] which for a spinning particle transforms into a rotating de Sitter vacuum disk [32] .
In this paper we discuss regular cosmological models dominated by vacuum dark fluid and dark matter candidates generically related to vacuum dark energy.
Vacuum dark fluid
In the Petrov classification scheme stress-energy tensors are classified on the basis of their algebraic structure. When eigenvalues of T µν are real, the eigenvectors of T µν are non-isotropic and form a comoving reference frame with a timelike eigenvector representing a velocity. In this classification an isotropic fluid is specified by [I(III)]. The first symbol denotes the eigenvalue related to the timelike eigenvector. The parentheses combine degenerate eigenvalues. A comoving reference frame is defined uniquely if and only if none of the spacelike eigenvalues λ ( = 1 2 3) coincides with a timelike eigenvalue λ 0 . Otherwise there exists an infinite set of comoving reference frames. The maximally symmetric de Sitter vacuum (2), specified by [(IIII)], represents the isotropic vacuum fluid.
A symmetry of a vacuum stress-energy tensor (2) can be reduced to the case when one or two of the spacelike eigenvalues of T µν coincide with its timelike eigenvalue, = −ρ. A vacuum stress-energy tensor with a reduced symmetry is invariant under Lorentz boosts in the -direction, which makes it impossible to single out a preferred comoving reference frame, and thus to fix a velocity with respect to a vacuum fluid. A vacuum fluid defined by symmetry of its stress-energy tensor, must be evidently anisotropic (except the maximally symmetric de Sitter vacuum (2)). The Petrov classification scheme suggests three types of anisotropic vacuum fluid [16] 
In the spherically symmetric case the Einstein equations with a source term specified by (3), allow the class of regular solutions asymptotically de Sitter as → 0 and → ∞ [17, 19] 
The metric of a spacetime is given by
where the metric function [30] 
evolves from a de Sitter metric as → 0 to a Schwarzschild-de Sitter metric for = 2GM, with the mass parameter (gravitational mass) (8) related to an interior de Sitter vacuum and breaking of spacetime symmetry from the de Sitter group at the origin. Spacetime can have no more than three horizons [21] : the cosmological horizon , the event horizon < , the internal horizon < . Typical behaviour of the metric function [21] is shown in Fig. 1 where the radius is normalized to a de Sitter horizon related to a background λ by
Static observers exist in the R-regions 0 < and < < . A static observer in R-region < < observes T − -region < < as a cosmological black hole. The internal horizon = is the cosmological horizon for a static observer in the R-region 0 <
. Two horizons and come together at a certain value of a mass parameter M 1 . It puts a lower limit on a black hole mass [30] and corresponds to a doublehorizon ( = ) state which appears as an end point of the Hawking evaporation [28] . Beyond M 1 the geometry describes G-lumps [19] 
Regular cosmologies with vacuum dark energy
Vacuum dark energy is described by a variable anisotropic cosmological term [17] 
The evolution starts from a non-singular, nonsimultaneous de Sitter bang (R τ) = 0, with Λ on the scale responsible for the earliest accelerated expansion, which is followed by an anisotropic Kasner-type stage after inflation, and approaches another de Sitter stage at late times [21] . For a certain class of observers the models dominated by vacuum dark fluid can be identified as cosmological models of Kantowski-Sachs type with regular R-regions in their absolute past. Kantowski-Sachs type regular models, homogeneous and anisotropic, are described by the
For Kantowski-Sachs observers the evolution starts with a highly anisotropic "null bang" where the volume of the spatial section vanishes. It occurs in the finite time τ B in their past for the case of a single horizon (lower curve M > M 2 in Fig. 2) , and in the infinitely remote past in the case of the double horizon (the curve M = M 2 in Fig. 2) . A null bang surface seems singular to comoving observers although it is perfectly regular in the 4-dimensional Λ µ ν -manifold. A remarkable feature of these models is that Kantowski-Sachs observers can get information about their pre-bang history brought to them by observers who follow trajectories other than world lines of the KS observers, and cross the horizon at finite instants of their proper times [21] . At late times all models approach the de Sitter asymptotic with small λ.
Global structure of space-time with three horizons is shown in Fig. 3 . In the Lemaitré coordinates related to directed outward radial geodesics, it describes regular cosmological models which evolve from an asymptotically de Sitter stage Λδ The Kantowski-Sachs and Lemaitré type cosmologies are built on the basis of different mappings for the same spacetimes, and differ in the choice of reference frames. This illustrates the evident circumstance that the observational properties of spacetime in General Relativity depend on the observers' motion, in other words, on the choice of a reference frame [21] . Two types of one-horizon configurations shown in Fig. 4 , illustrate typical features of regular models with dynamical vacuum dark energy. In both cases the global structure of space-time is the same as for de Sitter geometry. The essential difference is that the cosmological density Λ in Λ µν -geometry evolves smoothly from Λ to λ. This is evolution in for static observers in the R-region, and in the proper time τ for Lemaitré and Kantowski-Sachs observers. In the first case, the upper curve in Fig. 4 , the horizon is related to the small asymptotic value λ,
Observers in the R-region < see Hawking radiation with the Gibbons-Hawking temperature
The essential dynamical changes occur in the R-region, experienced by static observers, or by comoving Lemaitré observers before crossing the horizon. In the second case, the lower curve in Fig. 4 , the horizon is related to the big asymptotic value Λ,
The essential dynamical changes occur in T-region > as dynamical possibilities for Kantowski-Sachs observers. Regular T-models with vacuum dark fluid and dust-like matter are described by the metric [22] 
The basic features of homogeneous regular T-models are (i) the existence of a Killing horizon; (ii) the beginning of the cosmological evolution from a null bang at the horizon; (iii) the existence of a regular static pre-bang region visible to cosmological observers; (iv) the creation of matter from an anisotropic vacuum, accompanied by very rapid isotropization. Numerical estimates for a particular model testify for the ability of T-models to satisfy the observational constraints [22] .
Dark matter candidates
Dark matter is represented by localized structures with a de Sitter vacuum (dark energy) interior: regular cosmological black holes, their remnants [28] , and vacuum gravitational solitons G-lumps [19, 29] . Black hole remnants have been considered as a source of dark matter for more than two decades [35] (for a review [4] ). The open question discussed in the literature concerns the existence of Remnants. In the case of a singular black hole it would be a Planck size black hole, however no evident symmetry or quantum number exists which would prevent complete evaporation. The character and scale of uncertainty concerning an endpoint of the Hawking evaporation of a singular black hole are clearly evident in the case of a multihorizon spacetime ( [33] and references therein). The fate of a regular black hole is unambiguous: it leaves behind a thermodynamically stable double-horizon remnant with the positive specific heat [28, 29] . The G-lump is plotted in Fig. 5 for the density profile [18] ρ( ) =ρ
which describes vacuum polarization effects leading to a de Sitter interior [25] in the simple semiclassical model for vacuum polarization in the gravitational field [29] . The mass of objects is generically related to an interior de Sitter vacuum and to the breaking of space-time symmetry from the de Sitter group at the centre. The breaking of space-time symmetry as an origin of mass [19] agrees with the basic idea of the Higgs mechanism (only a scalar field is not needed in the case of space-time symmetry breaking). The criterion of the stability of G-lumps to polar perturbations given by [16] (
is satisfied for a wide class of density profiles including the profile (13) . Preliminary results suggest their stability to axial perturbations and stability of double-horizon configurations to external perturbations 2 . The nontrivial relation between a matter and vacuum dark energy in the context of a vacuum dark fluid, is illustrated by the below example of a matter object with dark energy interior.
Spinning superconducting electrovacuum soliton [32]
Nonlinear electrodynamics coupled to gravity is described by the action:
with an arbitrary gauge invariant lagrangian (F ), which has the Maxwellian asymptotic in the weak field regime. A stress-energy tensor of an electromagnetic field F µν
has the symmetry (3) for a spherically symmetric electromagnetic field, and for an axially symmetric field in the co-rotating frame. Space-time is described by the line element (6) . In nonlinear electrodynamics coupled to general relativity and satisfying the weak energy condition, a spherically symmetric electrically charged electrovacuum soliton has an obligatory de Sitter centre in which the electric field vanishes while the energy density of electromagnetic vacuum achieves its maximum value [31] . The de Sitter vacuum supplies a particle with the finite positive electromagnetic mass related to breaking of space-time symmetry from the de Sitter group at the origin [31, 34] .
I. Dymnikova, E. Galaktionov (in preparation)
The generic behaviour when the weak energy condition (ρ 0 for any observer) is satisfied, is the de Sitter asymptotic for → 0
and the Reissner-Nordström asymptotic for a distant observer
Spherically symmetric solutions specified by (3), belong to the Kerr-Schild class. By the Gürses-Gürsey algorithm based on the Newman-Trautman technique [36] they are transformed to the axially symmetric solutions described by
The mass function ( ) comes from a spherically symmetric solution giving rise to a spinning solution (19) . In a space-time defined by (19) the surfaces = are the oblate ellipsoids
which degenerate, for = 0, to the equatorial disk [37]. The mass M is given by (8) with the electromagnetic density given by (16) . The spinning electrovacuum soliton is observed by a distant observer as a charged spinning particle with gyromagnetic ratio = 2 [38] . The de Sitter vacuum supplies a particle with the finite positive electromagnetic mass M related to the breaking of spacetime symmetry.
In this economic picture the interior rotating de Sitter vacuum disk displays a kind of elementary superconductivity within a single spinning particle. Generic interior behaviour is a rotating de Sitter vacuum in the co-rotating frame [32] : The de Sitter centre = 0 of a spherically symmetric electrovacuum soliton transforms to a de Sitter equatorial disk (22) which is intrinsically flat and has properties of both a perfect conductor and an ideal diamagnetic [32] . In the intrinsically flat disk a surface current is given by:
The magnetic induction B → 0 and the magnetic permeability µ → 0 independently [32] , so the surface currents on the de Sitter disk can be any and amount to a non-zero total value. This behaviour found for an arbitrary gauge-invariant nonlinear lagrangian (F ), is generic for the class of regular spinning electrovacuum solutions describing both regular charged black holes and particle-like structures.
Summary and discussion
The Einstein equations with a source term specified by T = T admit a class of spherically symmetric solutions which provides a unified description of dark energy and dark matter by a vacuum dark fluid based on spacetime symmetry and Petrov classification for stress-energy tensors. This class describes regular configurations with vacuum density evolving smoothly from the big value at the centre to a small value at infinity. Regular cosmological models dominated by a vacuum dark energy are described by a time-dependent and spatially inhomogeneous cosmological term. Dark matter candidates include regular black hole remnants and G-lumps, globally neutral self-gravitating compact vacuum structures with the de Sitter centre without horizons. They are stable to the external polar perturbations for a wide class of density profiles, and can be responsible for observational effects related to a dark matter. The name G-lump is owed to Coleman's lumps which are non-singular, non-dissipative solutions of finite energy holding themselves together by their own self-interaction [39] . The idea of lumps can be traced back to the Einstein idea to describe an elementary particle by a regular solution of nonlinear field equations as a "bunched field" located in the confined region where field and energy are particularly high [40] . G-lump was proposed in 1996 in a model-independent way as a regular solution to the Einstein equations with the de Sitter interior without horizons [29] . In terms of the proposed 2001 gravastar model with a de Sitter core [41] , we can consider a G-lump as a model-independent gravastar with continuous density and pressure applying the term 'gravitating vacuum star' literally to a self-gravitating object made of a vacuum with the reduced symmetry.
The mass of a G-lump is related to a de Sitter vacuum in the centre and smooth breaking of spacetime symmetry. Its mass is constrained by M < M 1 . A characteristic mass scale puts an upper limit on G-lump mass as
where α < 1 depends on a particular model for the density profile ρ( ). The limiting density at the centre, ρ 0 is related to the scale of symmetry restoration to the de Sitter group in the origin. For globally neutral vacuum structures the relevant scale can be M GUT , then M 1 ∼ 10 3 g, so that G-lumps can have masses in the wide range below this value. A G-lump in a cosmological background can arise in a way similar to primordial black hole formation: from quantum fluctuations resulting in a local density increase. It can emerge in a quantum tunnelling process as an object without a black hole horizon 3 . Regular black hole remnants appear as end-products of the Hawking evaporation of a vacuum regular black hole [28, 29] .
